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Neither of the two Sesbania species investigated bears 
physiologically dormant seeds. Germination depends on the seed 
coat becoming impermeable to water. If imbibition occurs 
Sesbania bispinosa will germinate at any temperature from 10 to 
40 °C. Sesbania punicea on the other hand will germinate readily 
at temperatures from 10 to 35 °C but not at 40 °C. Both 
mechanical and acid scarification treatments, which render the 
seed coat permeable to water, resulted in germination once seeds 
of either species were brought into contact with moisture. Light 
and high oxygen concentrations had no effect on germination. 
During germination orange pigments were released into the in-
cubation medium by both species. In field experiments it became 
apparent that seeds of S. punicea lost their impermeability 
quicker than did those of S. bispinosa. Seeds of S. bispinosa only 
emerged from a burial depth of 2 em but not from a depth of 7 
em or more, while those of S. punicea emerged from all the 
depths tested up to 12 em but not from a depth of 18 em. 
S. Afr. J. Bot. 1984, 3: 59-62 
Geeneen van die twee Sesbania spesies wat bestudeer is dra 
sade wat in 'n fisiologiese rustoestand verkeer nie. Kieming is 
afhanklik daarvan of die saadhuid vir water deurlaatbaar word. As 
imbibisie geskied sal Sesbania bispinosa by enige temperatuur 
vanaf 10 tot 40 °C kiem. Sesbania punicea, aan die anderkant, 
kiem geredelik by temperature van 10 tot 35 °C maar nie by 40 °C 
nie. Seide meganiese en suurskarifiseringsbehandelings, wat die 
saadhuid vir water deurdringbaar maak, het kieming tot gevolg 
gehad as sade van beide spesies in aanraking met water gebring 
is. Lig en 'n verhoogde suurstofkonsentrasie het geen invloed op 
kieming gehad nie. Tydens kieming is 'n oranjekleurige pigment in 
die inkuberingsmedium van beide spesies vrygestel. Veldeksperi-
mente het getoon dat saadhuide van S. punicea hulle ondeur-
dringbaarheid gouer as die van S. bispinosa verloor. Sade van S. 
bispinosa het bo die grond verskyn vanaf 'n plantdiepte van 2 em 
maar nie van 'n diepte van 7 em of meer nie. Sade van S. punicea 
het vanaf al die getoetsde dieptes tot 12 em opgekom maar nie 
vanaf 'n diepte van 18 em nie. 
S.-Afr. Tydskr. P/antk. 1984, 3: 59-62 
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Introduction 
Sesbania punicea is an attractive plant of South American 
origin which has been introduced as a garden shrub into many 
parts of the world. In South Africa, as in many other coun-
tries, it has become a weed (Pienaar 1978). In addition to its 
tendency to become a weed, the plant is also poisonous. 
Terblanche et at. (1966) showed that all parts of the plant con-
tain toxic substances lethal to birds, reptiles and mammals. 
Sesbania punicea is a declared weed in South Africa (Erb 1979). 
Species of Sesbania indigenous to South Africa such as S. 
bispinosa do not show weedy tendencies, one of the reasons 
being that both the plant and its seeds are subjected to heavy 
insect predation. Sesbaniapunicea, however, is left untouched 
by indigenous insects and so flourishes at all stages of its life 
cycle. The large numbers of poisonous S. punicea seeds are 
produced in a distinctive four-winged pod, six to seven seeds 
at a time. Sesbania bispinosa produces long thin pods each 
containing 30 to 40 seeds. 
The genus Sesbania belongs to the Leguminosae, a family 
well known for seeds in which dormancy is imposed by a seed 
coat which prevents imbibition (Guppy 1912; Quinlivan 1971; 
Rolston 1978). In the majority of legume seeds dormancy is 
overcome by scarification treatments (Nakamura 1962; Rolston 
1978). This has been shown to be the case for Sesbania ex-
attata, a common weed in North America (Johnston et at. 
1979). Various compounds which are known to stimulate seed 
germination had no effect on this species (Eastin 1981). 
The present investigation was conducted to obtain a better 
understanding of the germination characteristics of seeds of 
Sesbania species. Such information could be useful in the plan-
ning of weed control measures. 
Materials and Methods 
Plant material 
All germination experiments were conducted on mature seeds 
of Sesbania punicea (Cav.) Benth. and Sesbania bispinosa 
(Jacq.) W.F. Wright. These seeds were collected from the en-
virons of Pietermaritzburg and Amanzimtoti respectively. 
Seeds were removed from their pods and stored in open plastic 
containers at room temperature ( ± 20 °C) until required. At 
harvesting the moisture content of the seeds of S. punicea, as 
determined by the method of Roberts & Roberts (1966), was 
9,2 ± 0,60Jo. Seeds of S. bispinosa had a moisture content 
of 14,4 ± 0,60Jo at harvesting. 
Germination requirements 
The ability of both species to imbibe water was established 
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by incubating 50 unscarified and 50 mechanically scarified seeds 
(filing away a portion of the seed coat) at both 20 and 35 oc 
on moist filter paper in Petri dishes. Seeds were blotted dry 
and then massed individually at 24-hourly intervals. 
The effect of temperature (10°, 20°, 25°, 30°, 35° and 
40 oq on the rate of germination of unscarified and 
mechanically scarified seeds was determined by incubating the 
seeds in 3 cm3 water on 9 em filter paper both in the light (cool 
white fluorescent 15,2 p,.E m - 2 s-1) and dark. As for other 
legume species (Ballard 1973; Cresswell & Grime 1981) light 
was found to have no effect on seed germination and for this 
reason only the results for dark experiments are reported. 
Flushing and incubating the seeds with oxygen in 500 cm3 flasks 
had no beneficial effect on the germination. To determine the 
effect of acid scarification on seed germination, seeds were 
soaked in water at 35 oc for one week and those remaining un-
imbibed were immersed in concentrated H2S04 for 1, 15, 30, 
60 and 90 min respectively. Upon completion of the treatment 
the acid was removed by washing the seeds in running water 
for 2 min whereafter they were incubated at 30 oc. 
In all experiments four replicates of 30 seeds were used per 
treatment. Germination was recorded every second day and 
was considered to have occurred once the radicle had elongated 
to a length of 2 mm or more. 
Studies related to the environment 
Germination was recorded for both species under field condi-
tions. Four samples of 100 seeds were used, each buried ± 
1,5 em in soil in seed trays (this facilitated seed recovery). The 
regions where the seed trays were buried were watered once 
a week to prevent the loss of seedlings through excessive 
dryness. Germination was recorded at monthly intervals. To 
establish the effect of burial depth on seed germination, seeds 
of S. bispinosa were acid scarified for 60 min and those of 
S. punicea for 90 min and then rinsed in water to remove ex-
cess acid: These scarified seeds were then buried at depths of 
2, 7, 12 and 18 em below the soil surface, kept moist and seed-
ling emergence was recorded. 
Phenolic extraction and determination 
The method of Mapson et at. (1963) was used to extract and 
determine the diphenol content of the orange pigment pro-
duced by germinating seeds and of the seed coats of each 
species. Filter paper upon which four replicates of 30 seeds 
each had germinated was used for analysis of the orange pig-
ment. For the phenol analysis of seed coats 20 gm of seed coat 
material were used. 
Results and Discussion 
The water uptake studies revealed that the seed collected for 
both S. punicea and S. bispinosa consisted of two types. Those 
which had permeable seed coats initially or which became 
permeable relatively quickly ( ± 4 days) after exposure to 
moisture, and those which had impermeable seed coats and 
which remained impermeable indeterminately. These two seed 
types were morphologically indistinguishable from each other. 
Permeable seeds of S. bispinosa imbibed moisture faster than 
those of S. punicea (Figure 1). This may be explained by the 
former species having a seed coat thickness of approximately 
120 p,.m, compared with the 450 p.m of the latter species. In 
both species water uptake was faster at 35 oc than at 20 oc. 
All seeds which imbibed, germinated. Those seeds which re-
mained unimbibed germinated readily upon subsequent scarifi-
cation and moist incubation. In seeds with impermeable seed 
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Figure I Water uptake of unscarified seeds of S. punicea and S. 
bispinosa at 20 and 35 °C. The last point given indicates seed germination. 
-- represents seeds of either species which did not imbibe. ----- 20 oc 
S. punicea. -o- 35 oc S. punicea. -fr- 20 oc S. bispinosa. ---A--
35 oc S. bispinosa. 
coats, germination was only delayed because water was un-
available to the embryos. When mechanically scarified, the 
seed's rate of imbibition and hence germination, was ac-
celerated (Figure 2). The pattern of water uptake for unscarified 
permeable seeds (Figure 1) and for scarified seeds (Figure 2) 
was characteristic of physiologically non-dormant seeds 
(Takahashi 1979). Mechanical scarification of impermeable 
seeds was apparently only successful if the entire depth of the 
macrosclereid layer was disrupted. Soaking in concentrated 
H2S04 is an alternative method of scarification which is widely 
used (Ballard & Grant-Lipp 1965; Horn & Hill 1974). It was 
necessary to subject impermeable seed of S. bispinosa to a 30 
min treatment and impermeable seed of S. punicea to a 90 
min treatment to obtain maximum germination (Table 1). This 
difference may be explained by the different seed coat 
thicknesses recorded for these species. 
Seeds of both species germinated over a wide range of 
temperatures (Table 2). In the case of S. bispinosa, however, 
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Figure 2 Water uptake of mechanically scarified seeds of S. punicea and 
S. bispinosa at 20 and 35 °C. The last point given indicates seed germina-
tion . ---*- 20 oc S. punicea. --o-- 35 oc S. punicea. -fr- 20 oc 
S. bispinosa. ---A- 35 oc S. bispinosa. 
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Table 1 The effect of acid scarification on the im-
bibition and germination of seeds of S. punicea and 
S. bispinosa. Percentages indicated are those ob-
tained after 12 days incubation at 20 °C. ± Indi-
cates the standard error 
Percentage imbibed and germinated seeds 
Time in H 2S04 
(min) S. punicea S. bispinosa 
Control 23 ± I ,3 4 ± 0,5 
38 ± 1,8 8 ± 1,9 
15 53 ± 2, 1 87 ± 2,6 
30 58 ± 2,6 100 
60 69 ± 3,2 100 
90 94 ± 1,3 100 
Table 2 The effect of temperature on the germina-
tion of unscarified (control) and mechanically 
scarified seeds of S. punicea and S. bispinosa. Con-
trol seeds were incubated for 12 days and scarified 
seeds for four days, respectively, in the dark 
Germination (OJo) 
S. punicea S. bispinosa 
Temperature 
coq Control Scarified Control Scarified 
10 10 ± 0,5 50 ± 3,74 0 4 ± 0,8 
20 23 ± 1,3 100 8 ± 0,5 100 
25 27 ± 1,8 100 9 ± 0,5 100 
30 39 ± 4,8 100 8 ± 1,5 100 
35 45 ± 2,2 100 12 ± 0,9 100 
40 0 10 ± 0,9 100 
. 
*78% of the seed imbibed water but none germinated 
the nwnber of unscarified seeds which imbibed and germinated 
was generally much lower than that recorded for unscarified 
seeds of S. punicea. None of the S. punicea seeds germinated 
when incubated at 40 oc even though 780Jo of the unscarified 
seeds imbibed. As extensive microbial activity occurred at this 
temperature the experiment was repeated after the seeds had 
been surface sterilized with 0,01% HgC12• This treatment 
eliminated the microbial problem but did not improve germina-
tion. The sterilization treatment had no deleterious effect on 
the germination of S. punicea seed at temperatures between 
20 oc and 35 oc. 
Increased incubation temperatures resulted in significantly 
more seeds of S. punicea becoming imbibed (Table 2) . This 
was not the case for seeds of S. bispinosa. This difference is 
an indication that different factors may control seed coat im-
permeability in the two Sesbania species. Seeds of S. punicea 
which remained impermeable at temperatrues of 30 oc and 
above had lower moisture contents than those remaining unim-
bibed at temperatures below 25 oc (Table 3). Seed impermea-
bility in legumes is well known to be closely related to their 
moisture contents (Barret-Lennard & Gladstones 1964; Quin-
livan 1971). It would seem that in S. punicea there may be 
a loose interrelationship between the moisture content of a seed 
and its ability to imbibe at any given temperature. 
The close packing of cells in the macrosclereid layer in the 
seed coat has been given as the cause of impermeability 
(Raleigh 1930). It could also be that water repellent substances 
are present in the cell walls so that water does not freely 
penetrate the network of cellulose micro fibrils in the seed coat 
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Table 3 The moisture contents (expressed as a 
percentage of the original mass) of S. punicea seeds 
which remained unimbibed after one week of in-
cubation at different temperatures 
Temperature Unimbibed seeds Moisture content of 
coq (0'/o) unimbibed seed (%) 
10 84 ± 1,0 9,4 ± 0,4 
20 71 ± I ,7 9,4 ± 0,3 
25 55 ± 5,4 8, I ± 0,4 
30 35 ± 3,2 7,7 ± 0, 1 
35 29 ± 3,4 7,5 ± 0,4 
40 18 ± 0,8 7,6 ± 0,2 
(Werker 1980/ 81). Marbach & Mayer (1974) cited phenols as 
the chemicals responsible for waterproofing the seed coats of 
certain Pisum species. Whenever seeds of either Sesbania 
species imbibed, an orange pigment was leached from them. 
Methanolic extraction for phenols from the ftlter paper, stained 
orange by imbibed seeds, and UV analysis showed the orange 
pigment to be phenolic in nature. Substances with similar 
physical properties were extracted from the seed coats of both 
species. Seed coats of S. punicea contained 3,5 ng g- 1 of 
diphenols expressed as chlorogenic acid equivalents and S. 
bispinosa contained only 2, 1 ng g - 1 of seed coat material. 
The presence of phenols indicates the possibility that these 
substances could be involved in seed coat impermeability. Their 
role, however, is unclear as the more impermeable seeds con-
tain lower levels of phenols. Before any real statement can be 
made about the role of phenols in this case, more refined 
studies should be undertaken . 
Germination under field conditions showed that seeds of 
S. punicea became permeable faster and in larger numbers than 
those of S. bispinosa (Table 4). As the seeds of S. punicea 
become permeable rapidly, there is a good chance that dense 
stands will become established within a short period of time. 
The small percentage of seeds which remained impermeable 
for up to 11 months forms a small seed bank in the soil. These 
seeds can germinate at any time provided the seed coat becomes 
permeable and can therefore add to an existing population or 
reinfest a previously cleared area. Sesbania punicea with a seed 
mass of ± 65 mg was able to emerge easily from depths of 
7 em, and even from 12 em below the seed surface, though 
at this depth the percentage of emerged seedlings was much 
reduced (Table 5). Sesbania bispinosa with its seed mass of 
only ± 7 mg only emerged from depths of up to 2 em. No 
emergence took place from 7 em below the soil surface. This 
Table 4 Germination of S . punicea and s. 
bispinosa seeds incubated under field conditions 
Cumulative germination 
Incubation 
percentages 
period 
(months) S. punicea S. bispinosa 
I 38 ,0 ± 7,7 0,3 ± 0,5 
2 72,0 ± 5;9 0,5 ± 1,0 
3 78,0 ± 4,5 0,5 ± 1,0 
5 81 ,5 ± 3,5 5,8 ± 4,6 
7 81 ,5 ± 3, 1 35,5 ± 18,6 
9 82 ,0 ± 3, 1 43 ,0 ± 16,6 
II 87,0 ± 4,2 43,0 ± 16,6 
62 
Table 5 Effect of depth of planting on seedling 
emergence of acid scarified seed of S. punicea and 
S. bispinosa 
Seedling emergence (OJo) 
Planting depth 
(em) S. punicea S. bispinosa 
2 100 49 ± 4,6 
7 100 0 
12 33 ±33,7 0 
18 0 0 
fmding is in accordance with the fmdings of Beveridge & Wilise 
(1959) that larger seeds emerge more easily from greater depths 
in the soil than smaller seeds. 
Seeds of both Sesbania species germinated over a wide range 
of temperatures and the only barrier to germination in either 
case was an impermeable seed coat. Seeds of S. punicea were 
generally permeable or became permeable faster than did those 
of S. bispinosa. As the dormancy mechanism is apparently 
Clue to an impermeable seed coat, germination is a possibility 
at all times of the year. Since higher temperatures bring about 
higher germination percentages in S. punicea maximum 
emergence can be expected in summer. Seeds of S. punicea 
which remain dormant in the soil will pose a problem in any 
weed control programme as they will be a possible cause of 
reinfestation. 
Acknowledgements 
This work was made possible by the financial aid of the 
C.S.I.R. and The Natal University Development Fund. The 
senior author thanks the P.P.R.I. Pretoria for the secondment 
to do full time research. 
References 
BALLARD, L.A.T. 1973. Physical barriers to germination. Seed Sci. 
& Techno/. I: 285 - 303 . 
BALLARD, L.A .T. & GRANT-LIPP, A.E. 1965 . Germination of 
subterranean clover seed in relation to some softening procedures. 
Proc. int. Seed Test. Ass. 30: 893-904. 
BARRET-LENNARD, R.A. & GLADSTONES, J.A . 1964. Dorman-
cy and hard-seededness in Western Australian Serradella (Or-
S.-Afr. Tydskr. Plantk ., 1984, 3(1) 
nithopus compressus L.). Aust. J. agric. Res. 15: 895-904. 
BEVERIDGE, J .L. & WILISE, C.P . 1959. Influence of depth of 
planting, seed size and variety on emergence and seedling vigour in 
alfalfa. Agron. J. 51: 731 - 734. 
CRESSWELL, E.G. & GRIME, J .P . 1981. Induction of a light re-
quirement during seed development and its ecological conse-
quences. Nature 291 : 583-585. 
EASTIN, E.F. 1981. Hemp Sesbania seed germination as influenced 
by seed treatment and temperature. The Texas Agric. Expt. Stat. 
M.P. 1480: 1- 7. 
ERB, H.E. 1979. The natural enemies and distribution of Sesbania 
punicea (Cav.) Benth . in Argentina. Proc. 3rd Nat. Weeds Conj. 
S.A. p.205 - 210. 
GUPPY, H.B. 1912. Studies in seeds and fruits . Williams and 
Norgate, Londo. 
HORN, P .E. & HILL, G.D. 1974. Chemical scarification of Lupinus 
consentini. Guss. J. Aust. /nsf. agric. Aci. 40: 85-87. 
JOHNSTON, S.K., WALKER, R.H. & MURRAY, D.S. 1979. Ger-
mination and emergence of hemp Sesbania (Sesbania exaltata). 
Weed Sci. 27: 290-293 . 
MAPSON, L.W., SWAIN, T. & TOMALIN, A.W. 1963. Influence 
of variety, cultural conditions and temperature of storage of en-
zymatic browning of potato tubers . J. Sci. Fd. Agric. 14: 
673-684. 
MARBACH, I. & MAYER, A.M. 1974. Permeability of seed coat to 
water as related to drying conditions and metabolism of phenolics. 
Pl. Physiol. 54: 817 - 820. 
NAKAMURA, S. 1962. Germination of legume seeds. Proc. int. Seed 
Test. Ass. 27: 694-709. 
PIENAAR, J .K. 1978. Sesbania. In: Beautiful but Dangerous, ed. 
Stirton, C. Dept. of Nature and Environmental Conservation of 
the Cape Prov. Admin., Cape Town. pp.l36-139. 
QUINLIVAN, B.J . 1971. Seed coat impermeability in legumes. J. 
Aust. /nsf. agric. Sci. 37: 283-295. 
RALEIGH, G.J. 1930. Chemical conditions in maturation, dormancy 
and germination of Gymnocladus diocia. Bot. Gaz. 89: 273-294. 
ROBERTS, E .H . & ROBERTS, D.L. 1966. Moisture content of 
seeds. Proc. int. Seed Test. Ass. 31: 128-134. 
ROLSTON, M.P . I978. Water impermeable seed dormancy. Bot. 
Rev. 44: 365- 396. 
TAKAHASHI, N. 1979. A concept of dormancy, germination and 
longevity in cereal seeds. Sci. Rep. Res. Insts. Tahoku Univ. 30: 
21 - 27. 
TERBLANCHE, M., DE KLERK, W.A., SMIT, J.D. & ADELAAR, 
T.F. 1966. A toxicological study of the plant Sesbania punicea 
Benth. J. S. Afr. vet. med. Ass. 37: 191-197. 
WERKER, E. 1980/81. Seed dormancy as explained by the anatomy 
of embryo envelopes. Isr. J. Bot. 29: 22-44. 
